In the standard model, the Higgs boson h couples to the quarks and charged leptons according to the well-known formula (m ψ /v)hψψ where ψ = quark (q) or lepton (l) and v = 246 GeV is its vacuum expectation value. Suppose m ψ is of radiative origin instead, then the effective hψψ Yukawa coupling will not be exactly m ψ /v. We show for the first time quantitatively how this may shift the observed branching fractions of h →bb and h → τ + τ − upward or downward. Thus the precision measurements of Higgs decay to fermions at the Large Hadron Collider, due to resume operation in 2015, could be the key to possible new physics.
The 2012 discovery of the 126 GeV particle [1, 2] ushered in a new era of particle physics.
The observed decay modes of this particle are consistent with it being the long sought Higgs boson h [3] of the standard model (SM) of particle interactions. In the near future, after the Large Hadron Collider (LHC) resumes operation in 2015, more data will allow these determinations to be greatly improved. Of particular interest are the h branching fractions to fermions, such asbb and τ + τ − . They are predicted by the SM to be proportional to 3m 2 b and m 2 τ respectively, whereas current data are not definitive in this regard. In this paper, it is shown how these Yukawa couplings may be different from those of the SM if m q or m l is radiative in origin. Thus the precision measurements of Higgs decay to fermions could be the key to possible new physics.
The idea that quark and lepton masses may be radiative is of course not new. It may be conceived in the context of supersymmetry [4] or in explaining the hierarchy of quark and lepton masses [5] . Recently it has also been proposed as the link between flavor and dark matter [6] , or in the presence of a nonperturbative dark sector [7] . The first step is to forbid the usual Yukawa couplingψ L ψ R φ 0 orψ L ψ Rφ 0 by some symmetry. The second step is to postulate new particles which allow this connection to be made in one loop with soft breaking of the assumed symmetry. A typical realization is shown below for m τ . The new
idea of this paper is the detailed analysis of the hψψ coupling which shows for the first time that it could be significantly different from the SM value of m ψ /v, where v = 246 GeV. Note the important fact that this deviation comes entirely from a renormalizable theory, unlike the usual arbitrary speculation that there could be contributions from higher-dimensional operators.
In Fig. 1 , η + is part of an electroweak doublet (η + , η 0 ) and χ + is a singlet. They mix because of the µ(η
Let φ 0 = (v + h)/ √ 2 and consider the effective Yukawa coupling hτ τ . In the SM, it is of course equal to m τ /v, but here it has three contributions. Assuming that m 
where
Comparing Eq. (5) with Eq. (4), we see that f
We see also that
is always greater than m τ /v. The correction due to nonzero m h is easily computed in the
2 N . This shows that it should be generally negligible. Let
then F + ≥ 0 and if
To get an idea of their behavior, we take for example x = x 1 = 1/x 2 and plot F ± as functions of x in Fig. 2 . The other two contributions to hτ τ come from λ η vη
Combining all three contributions and using
Note that whereas f predicts. The current LHC measurements of h → τ + τ − and h →bb provide the bounds
The charged scalars ζ 1,2 also contribute to h → γγ [13, 14] . Its decay rate is given by
The A functions are well known, i.e.
where f (y) = arcsin 2 (y −1/2 ) for y ≥ 1. We plot in Fig. 4 
Another important consequence of the radiative generation of fermion masses is the induced electromagnetic interaction which is now related to the fermion mass itself. If we apply the above procedure to the muon, we find its anomalous magnetic moment to be given
where 
Now ∆a µ in Eq. (21) turns out to be always negative, so it is not an adequate explanation of the observed discrepancy. To change this without affecting the mass or Yukawa calculations, we could simply change the new particles in Fig. 1 from N to E, (η + , η 0 ) to (η 0 , η − ), and χ + to χ 0 . In that case, the corresponding anomalous magnetic moment is given by
We plot in Fig where ∆a µ = m 2 µ /3m 2 E . We note also that in this case, only η − contributes to h → γγ.
If the b quark mass is radiative as proposed in Ref. [6] , the one-loop diagram is given by Fig. 6 . Here there are colored scalar triplets: (η 2/3 , η −1/3 ), χ −1/3 , which are respectively doublet and singlet under SU (2). The decay rate of h → gg is then modified.
Here m 1,2 refer to the mass eigenvalues of the mixed (η −1/3 , χ −1/3 ) system and m η is the mass 
We plot in Fig. 7 the ratio Γ gg /Γ SM as a function of θ for x = 2 and 1.5 with m N = 850
GeV for (r η , r χ ) = (0, 0) and (0.2,0). This shows that the production of h via gluon fusion may be significantly affected. Currently the sample of h →bb decays at the LHC comes only from vector boson associated production, which is unchanged in this case.
In conclusion, we have shown in this paper for the first time how the decay of the 126
GeV particle h discovered at the LHC in 2012 may reveal the true origin of quark and lepton masses. If a quark or lepton ψ acquires its mass radiatively, the Yukawa coupling of h toψψ is predicted to differ in general from the standard-model prediction of m ψ /v where v = 246
GeV. This is experimentally verifiable in h → τ + τ − and h →bb with more data at the LHC, due to resume operation in 2015. 
